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Abstract 
The article presents the results of experimental studies of partitions containing phase change materials. The main objective of 
the measurements was to determine the actual effectiveness of the used materials and their impact on energy storage capabilities 
through building partitions. The light partition component containing a finishing layer of organic material undergoing a phase 
change was the subject of research. The heat flux and temperature distribution on individual component layers were recorded 
while changing the temperature conditions of the surrounding air. The cycle of temperature changes has been chosen to model 
the probable conditions inside buildings located on Polish territory. The results made it possible to determine the actual effect of 
PCM applications in partitions on heat accumulation capacity increase and thermal conditions of the component. The article 
also addresses the issue of determining the parameters of material for which a very strong dependence of the specific heat and  
temperature exist. When used in construction materials, phase-variable thermal properties of the materials used must be 
accurately known, since the system efficiency depends on the thermal properties of materials. The article presents an attempt to 
determine the properties of the PCM as a function of temperature using the equipment consisting of heat meter, electronic 
sensors and thermocouples temperature.  
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1. Introduction 
Lack of temporal convergence of demand and the possible supply of heat energy inside construction buildings 
is the reason behind the search for efficient methods of storing heat and cold. One of the passive methods is 
taking advantage of latent heat of phase change materials (PCM for short). The literature points to a high 
potential for accumulating heat displayed by such materials and, with that, a significant influence on improving 
the thermal conditions of the interior’s microclimate (in accordance with articles: Belen et al. [1], Ruben et al. 
[4], Nelson et al. [5], Karthik [7], Jan et al. [8] and Mohammad et al. [9]. Nonetheless, the discrepancy between 
the theoretical PCM properties and their real application is still an issue (Yvan et al. [2], Pablo et al. [3] and 
Annabelle et al. [6]). It is recommended to specify the real effectiveness of the applied materials and their 
influence on the capabilities of accumulating energy by construction partitions (Belen [1]). As the conducted 
computer simulations imply, another issue in selecting the phase change temperature of the applied PCM is the 
necessity to choose between protecting a room only from peak temperatures, or setting the priority of the longest 
period with technical comfort conditions, but with short and inconvenient maximum air temperatures (Belen [1] 
and Anna [10]). In order to extend the scope of the efficient PCM application, an attempt to connect two 
materials of different phase change temperature ranges can be made.         
2. The goal and the scope of the undertaken actions  
The goal of the undertaken actions was to specify the actual performance of phase change materials (PCM) in  
a construction partition with a given, dynamically changing, temperature of surroundings. It was assumed that the 
key PCM function in a partition is to accumulate excessive heat gains and the protection of the interior from 
overheating during the summer period which determined the conditions assumed during the experiment. The 
analysis of the measurement results focuses on maximum effects that are possible to be obtained by using phase 
change latent heat of the examined materials. Based on the analysis of the conducted examination, a solution of 
simultaneously using two different phase change materials in one partition was proposed and the conditions 
necessary for the efficient application of PCM-containing materials, together with mats, were specified. 
 
The results of the measurements also serve as a basis for specifying real thermal characteristics of a partition 
containing phase change material which will enable the creation of a project tool for selecting the appropriate 
surface area of PCM-containing materials in relation to the building’s thermal load.    
 
The presented results are derived from one of the many stages of a task aimed at the efficient utilization of 
phase change latent heat for the improvement of the thermal comfort of rooms (Sunliang et al. [12]). 
 
3. Climate chamber examination of phase change materials 
The measurement of the selected parameters served as a basis for the analysis of the influence of phase change 
materials on the accumulative properties of a partition in given thermal conditions. The cycle duration and the 
temperature development inside the hot chamber were selected to correspond to the conditions present during 
summer and transition periods inside sun-exposed rooms located in Polish climatic conditions (Sunliang et al. 
[12]).   
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3.1. Measurement station and the characteristics of the materials used 
The examination was comparative in character: the reference point being traditional construction materials 
(typical drywall) and the evaluation of benefits stemming from the application of phase change materials. The 
measurement station was built inside a group of climate chambers. The group consists of two chambers (so called 
“hot chamber” and “cold chamber”) between which, the examined partition was placed. The basic partition, to 
which additional layers were attached, was a light frame wall with the dimension of 195cm x 210 cm.  
 
The basic partition layers are: 15-centimeter styrofoam board and interior drywall envelope. The surface of the 
partition inside the “hot chamber” was divided into four measurement fields, to which additional layers of 
materials—such as elastic mats with grooves filled with a concentrated form of a phase change material—were 
attached. The examination in real scale was preceded by the examination of the used materials in a DSC 
differential calorimetry scanner. Samples of 2.4 kg and 1.9 kg were used with the range of temperatures from 
40oC to 70oC. Temperature change took place at the rate of 10K per minute (Paulo Cesar [13]).     
 
In the first examination field, a mat hereinafter referred to as PCM 23. From the examination conducted in the 
DSC differential calorimetry scanner, we can conclude that the used material displays the highest properties for 
accumulating thermal energy at the temperature of 23.33oC, and its phase change temperature equals 146.29 
kJ/kg. 
 
In the second examination field, a mat hereinafter referred to as PCM 25 was attached. The measurement 
results point to the highest heat accumulation properties at the temperature of 24.6oC and the phase change heat 
of 177.4 kJ/kg. 
 
In the third measurement field, a mat with a material hereinafter referred to as PCM 23 M51 and containing a 
PCM of the same properties as bioPCM 23, but in a higher quantity, which results in a an increase thickness of 
grooves, was attached.  
 
The used materials were measured and weighted. The results are as follows: bio PCM 23 mat weighs 1890 
g/m2, and the thickness of its grooves is on average 0.7 cm; for bio PCM 25 mat, the weight equals 1880g/m2 and 
the thickness is 0.7 cm, whereas the bio PCM 23 M51 material weighed 3100 g/m2 and its thickness was 1,3 cm. 
 
 
Fig. 1. The placement of materials and instruments in the examination chamber. 
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The mats were attached in a way presented in drawing 1 – their grooves adhering to the face of the primary 
wall. The values measured both on the surface as well as between the layers of a partition were the temperature 
and the density of heat fluxes. On the surface of each of the attached envelopes, 3 temperature sensors (type  
K thermocouples) and a heat meter (120x120mm square) were placed. Three thermocouples were also attached to 
the drywall, hereinafter referred to as a reference (model) wall. The air temperature inside the chambers (at 
different heights corresponding to the location of heat meters) was gauged using the Pt 100 and Pt 1000 
temperature sensors. The placement of the materials and instruments is presented in fig 1. The recording of the 
measured values was conducted using the Ahlborn Almemo data collection system which was connected to a 
computer. Measurement data were recorded using the Data-Control 4.2 data collection system. Further processing 
was carried out in Microsoft Excel.   
3.2. Results analysis 
The experimentation consisted of 12 different cycles: the presented results are taken from a cycle of the 
highest range of temperature changes, that is 15oC - 33oC. The temperature in the so-called hot chamber was 
changing dynamically according to a given scheme. In the so-called “cold” chamber, it was retained at the level 
of about 20oC. 
 
The air inside the chamber was being heated for 6 hours to the temperature of 33oC, and retained at this level 
for 4 hours and cooled for 6 hours to the initial temperature of 15oC.  
 
In order to analyze the efficiency of the application of the examined materials in the environmental conditions, 
which are characterized by rapid increases and drops in temperatures, as well as periods of temperature stability, 
the temperature of the given surfaces was compared to the temperature of the reference surface – that is the 
drywall surface to which examined materials were being attached (fig 2).  
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Fig. 2. Difference process between the temperature of the reference surface and the examined material. 
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The biggest differences occur as a result of quick heating or cooling. During the temperature stabilization at 
the level of 29oC, the difference between the surfaces decreases drastically reaching the value lower than 0.5 K 
for all materials with the exception of bioPCM 23 M51. In the case of bio PCM 23 M51 mat, this difference 
decreases from 3.2K to 2.3K at the end of the stability period (after 1.5 hours). After the period of temperature 
retention at 33oC, the effects of the application of bioPCM 23 M51 are the same as those of a regular drywall. 
The maximum value of temperature difference between a model and a PCM material during heating equals 3.3 K 
for bioPCM 23 in the environmental temperature of 29oC. The material of the same properties (and the same 
phase change temperature) but of higher quantity is decidedly more efficient after 48 minutes of the temperature 
being sustained at 29oC. The temperature difference between the model and the examined surfaces falls below 
0.5K (deemed by the authors to be the boundary of efficiency) after 0.7 of an hour in the environmental 
temperature of 29oC (for PCM23), after about 1 hour for PCM 25, and after 1.5 hour after reaching 33oC for PCM 
23 M51. Above the temperature of 33oC, all diagrams approach zero which is equivalent to the complete 
efficiency loss of the applied PCM. 
 
A potentially beneficial solution would be to place a different phase change material under the surface of bio 
PCM mats. The phase change of a material applied in such a way would have to occur in the same temperature 
range, for which PCM mats cease to be effective (that is when air temperature exceeds 29oC). Diagram 3 directly 
points to what change temperature ranges a phase change material would need to possess, if it was placed under 
the surface of mats in order to prevent the interior from overheating above 29oC.  
 
The diagram presents the difference between heat meters measurements placed over and under the mats' 
surface as a function of surface temperature directly under the mats and in relation to the air temperature inside 
the chamber. The development of heat flux density difference points to a decrease of energy storage at the 
moment when—under the surface of the mats—the temperature reaches 22oC. After exceeding 25oC, under the 
surface of bio PCM 25 and bio PCM 23 mats, their efficiency is extremely low. The materials used under the mat 
surface need to have a phase change range starting above 22oC with the maximum intensity at above 27oC.  
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Fig. 3. The difference of heat meters’ reading on and under the surface of bio PCM mats as a function of temperature under the mats’ surface. 
433 Anna Zastawna-Rumin and Katarzyna Nowak /  Procedia Engineering  108 ( 2015 )  428 – 435 
 
Diagram 4 presents the course of differences in heat meter’s readings on and under the surface of the 
examined materials depending on the temperature on their external surface. The intensity of energy storage 
increases after exceeding 21oC up to 23oC and 23.5oC (respectively for bioPCM23, bio PCM 23 M51), and it 
subsequently decreases. For bio PCM 25, the analogous temperature range is 21.3oC – 24.9oC. The process of 
intense energy release begins below 23oC and continues to 22oC (for PCM 23) and to 20.5oC (for PCM 25); the 
intensity subsequently decreases.  
 
At the same time, based on the following diagram, asymmetrical behavior of materials during the heating and 
cooling processes can be observed. This can indicate high hysteresis of the examined materials. 
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Fig. 4. The difference in heat meter’s reading on and under the surface of bio PCM mats as a function of the temperature on the mats’ surface. 
Diagram 5 shows the balance of the stored energy in relation to the air temperature and the surface of the used 
materials. It can serve as a basis for the selection of materials for a specific thermal load of a given room. At the 
same time, it can be observed that, after cooling the air to the temperature of 15oC, a significant amount of stored 
energy is retained in the materials (for bio PCM 23 it is over 56% and for bio PCM 23 M51 it is over 60%, 
whereas for bio PCM 25 it is over 50%). Only maintaining the temperature at the level of 15oC over a longer 
period of time results in the release of the stored energy.  
 
For the analyzed cycle, the amount of stored energy is highest for bio PCM 23 M51. However, the discrepancy 
between this material and a mat with a decreased (by 39%) quantity of PCM 23 and the bio PCM 25 mat is at the 
maximum level of 20%.  
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A calculation based on calorimetric examination indicate that in the case of bio PCM 23 and bio PCM 25, 
latent heat of the phase change is utilized. In the case of bio PCM 23 M51 mat, the material is not efficiently 
utilized: according to the calculations, at least 20% of the theoretical phase change latent heat capacity was not 
utilized during the conducted cycle.   
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Fig. 5. The balance of energy accumulated in time in relations to materials’ surface temperature and the temperature of air inside the chamber. 
4. Conclusions 
Phase change materials included in the examined mats display efficiency with air temperatures inside the 
chamber at the level of 29oC. After exceeding this temperature, bio PCM 23 and bio PCM 25 mats lose their 
properties entirely. In the case of bio PCM 23 M51 (with the increased quantity of material), the total decrease of 
efficiency occurs after 1.5 hour after the temperature of 33oC inside the chamber has been exceeded.  
 
In order to increase the temperature range in which it is possible for the partition to intensely accumulate heat 
gains, an attempt can be made to connect a PCM mat with a different phase change material. In order for the 
efficient operation of a PCM applied in this fashion to be possible, the material used under the surface of the mat 
needs to have a phase change range beginning at 22oC, with the maximum intensity above 27oC.  
 
The intensity of energy storage increases after exceeding 21oC up to 23oC and 23.5oC for bioPCM23, bioPCM 
and 23 M51 respectively), and it subsequently decreases. For the bio PCM 25 mat and analogous temperature 
range is 21.3oC – 24.9oC. The process of intense energy release starts below 23oC and lasts up to 22oC (for PCM 
23) and up to 20.5oC (for PCM 25); subsequently, the intensity decreases.  
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Based on fig. 5 one can select—based on excessive room heat gains—a surface of a given phase change 
material necessary for the room protection against overheating. The diagram also provides the information on the 
amount of heat stored at a given temperature in the room.  
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